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cw*^ 5 ] mmmm^m ^^Ta«^#r ^.*tsgfe?tx 
St. tfifEwt»st?^xs©^t', m^m:tv>-cmu& 

m^m. 7 ] ^7KTaffiS5ft}#T-5M7Ki5fettXS^«;l 

[0 0 0 1] 
[0 0 0 2] 

[fie*®ftffi] ^<t;y'J ■i'A?^<t:-&i^¥#i^(i, ^^t^' 

[0 0 0 3] S<t;f7'j':>AJSft-&i^¥^^Jcfflti6n-5 

C. GaN. ZnO. GaAs^*i&So C:ne.®a« 

±lcS5SS;5:g{t:^f' J •:7AJ^{t^*^¥#{^^K$f1^S-r 

ifci***ff*DnTt»-5. so 
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[0 0 0 41 mmmmoymmm^^^-r^ftistxDm^y} 

mi-tm^ii^ r^®^ttx^>'N> K-^u/i'j (7)p 3 7 1 

[0 0 0 5] -^e<]{'. i#»#:iSjf:/n-trXic:felt^S 
rftiiiltm^fe^S^Bj ©Pi08~Pi09 

-y-. 7-1: h>, ^^'y-;i'0)gtc^t8ii5fei^*tff*3nTVi 
[0 0 0 6] z.(Dj:^r£m^(ommmmz\t. m.m\^tz 

[0 0 0 7] 

[0 0 0 8] iz^!bi)i. m<tii')oi^mt'^m^0^w^ 

<ofs.^^^mi^\zm\^-z\-i-. mm<Di^o\z. ^wtmm<n 
M.m\zii^miis.(Dm^^^m:^n-orz-m^. mw.^^m 

[0 0 0 9] m^\t. mwi^mmmmxm.w-r^mz. 

itfeCT. ^tiitli)^^^&.T^X'm.Tl^fz. 

[0 0 10] ^Jt. Gahimm.fz\tfXfS.<. tJ-^T-TT 
S«^s i ca«$rffltifcS{t:;?/U'>A?^ft:^#)iii#^|c 

[0011] COJ:^;a:fe>t«^®%3t#tt®<£T«. 
■r-S^Yt^'J C'AJgfll^it&^SY^lcH^d^WiKS^r-^A 
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« c 1 1?^ D fc t JtSE;^ n« , 

CO 0 1 2] ccDi^/^^ajfi. m(D<t'^m^m^<i^'ofs. 

[0 0 13] t^l^T', S««*tSi5fej#Bt{Cti, 'pfS.< 

^%^mmmz-^^n^/\^ }iati--Tf-> (cmHn) 

[0 0 14] -y-^T-f T, S i C^CDS1S*fflV>'«.« 

mzitm^i'^ti-r. miRmm±izm-DXh^^i:m^ 

[0 0 16] Sfc. ^ft:^U':7A5Sft-e-iKl*#^*^*^e)/^ 

[0 0 17] S««ffi{c/W HdA- 

J: 0 ^i-S^^Sl^Srf^SlWtg t-r -5 c: i S: a 
t-'S. 40 
[0 0 18] 

[sijss-^tt-r-5fcje)®#&] ±timm^m^-r^fiiisb 
.^iofeisujag (a^L<ttSM) »cMi#LT*tsgfe 

[0 0 19] Sfc. 2|s:5EMtt. ^itiJ *i O L.mt^9^^ 50 
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m'V^^^mmm.<om.w-^m\z^^^x. ^'msm^m^^x 

^^^\t.^mmm\z^^w^mzmm.^m\znm\.ti/\'i 

[0 0 2 0] 

mmno:>m.^yjm-e$><o. ^mmmizjz^^mz:^\^^x 
mmm.m(Dmm^^<^mp(ki^'tm^\zm^x^^t 1 1> 

\z. #«li5fe#Xgfc*5JtS#t8li§4KS^t:t'J:'5/W Hp 

[0 0 2 11 fS*^2{cc«©%iB«. mitmm^m^^ 

[0 0 2 2] »*^3iCBStt0^g«tt, i^ni^:^V'>-r 

[0 0 2 3] iii^^4{cE«<o%iBii, mmmm^m^^ 

tc, gEttj§?e?-ca«*i5ti^-r-5^tJt?^XgS:Z//Xtt7 
Jl'ijUtt^i^TSte^iJti^-r^TJl'A'Jifei^xSi. * 

I^S f -5 r <»: T ^ ^ 1 1, i ^ f^ffl ^ Wr -5 o 
[0 0 2 4] 5 lCfS«(05!BJfi. *rta^j«5rfflt^ 

\z. ^9s-m^'/>xmm.^^w-r^%^m^v>m.wiL 

fiSgfe^Xg (r i3 1 i T WtS^iS g i: cfc 0 *S^ffi {- #« 
■t^z-Li^x^^L^^of^m^^-r^, 

[0 0 2 51 SI*«6lCiE«®5liBtt. WS*«liSt?tX 



< 

5 

T?^ S i 5 ^ffl €r WT-5o 
[0 0 2 6] «*«7iC|E«©%egti> i^7KT*ffi&iSfe 

ODSfei*<£fT 3 d t * i V» f^ffl $:#-r-5> . 

[0 0 2 7] ii^^ 8 \z^m.(D^m\t. Bfimmt:^ u 

■5 CO ^Kih-r -5 r t -2. i 5 S*-r ^ c, 

[0 0 2 8] JMT. *5l^w^ft;yU'?A?fift:-&i^¥» 

[0 0 2 9] ^1 (A) ii^^m<r)mm<r>mmi\zm 
^mwmJM<^yu-^^-h. mi (B) 

h. 01 (C) li. *%?«®IIM©J^ffi3{C'e^^S1Sgfe 
^xgco:7D-g^v- 0 1 (D) *^BJ«I^SS 
«j^ffi4(c^sS«gfej|^xso7n-g^r- ^S^L 

[0 0 3 0] 1 ) ^^m(D^m<^mt& i x 

0 1 (A) O^D-^-v- hlc^-rJ:-5{C. ^.-Si 

[0 0 3 1] ClcD:^ffixafetifdt. *«coWtSgfej^43J;tX 

T^. »fi^ffi«/W K n ^l^^r -5 

[00 3 2] (USewj^li 2 ) *%l«0^]Sg©J^^ 2 T- 
mi (B) 07P-5^r- hiC:^-ri5tC. wts^ 

■5. 
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[0 0 3 3] ;*:(C. TJU;*7UtcJ:2)i5tt^^?Tofc^. 

[0 0 3 4] m^-C. miCJ:^i5fe?^$:ff ofct^, 

[0 0 3 5] c©:^STtt. WtSli5fe#®^tc;^c*3»«« 
10 ffi{c#«-r-5/N-f h*D:^j-7l?>^. m'P7)Vi3^)\Z^^ 

[0 0 3 6] sfc, m\z\t.mmm^ mm. mmm. 7)v 

[0 0 3 7] i5fe#<D^WtLT«. g!t5fe#<i:T;i^* U«fe 

Wt^^-n t) i L . i: U ® i: 5. if^)\-)i<r>^(D 

[0 0 3 8] (HiSOJ^^ 3 ) *%?9©5|]6g® Jgffi 3 X 

20 tt. 0 1 (C) (j:>-yu-j-\-V\Z7^^fi^o\z. WtSS 

[0 0 3 9] #tlli5t#®^{c;ii*ja«S 
ffit'-M-^-r-S/W Hn;*;-s}?>*, :tV/>®4J^X^fiK 
Sni'5:^v'*;UgE5!li:f^fflS-e-SCli:{cJ;oT. CO. 
CO,. H, OI'^<t5J-ML. |^*-r-5:i<i:*^X^So 

[0 0 4 0] d^X. ||M©?^^l~3(C^^ffi-r-&F*3§ 

:h7-y-. 7-fe:h>. (-t v tf;u7';i'n- 

[0 0 4 1] *fesi$fe#«. aig*wtSigmfz§»LTa 
a^>a:*< e. iJfej^r -5 X U'- jjfej^fe^ffl * 1 1) x# 

40 [0 0 4 2] Sfc. W*Si5t#CDtt^{CM7Kgt#^fT'5C 

[0 0 4 3] M*i5fett«, mm^^m. »«*-sft*s 

[0044] (l|*6©}^Sg 4 ) ^jR^MOlgMWfgffi 4 T 
it. mi (D) «7a-5^r- hd^fi^ic. 01 
(B) <7)Xg»c43ViT. WtSl^i«tCj;-5gfe}#5IISgL.;5: 

50 [0 0 4 5] ^-rmWz. 7;i^*»J{c«k-sati^&ffofc 
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^. *e*^-n— :7a— 4'-cco@*JSi5t?*{c<toT. a 

[0 0 4 6] CinW. «®®^gil^-^;P75^<SVia«Srffl 

[0 0 4 7] s^tcttisffit®!, mm. mm^. yjv 
u \z\iTy=^~7mmitii^Mi^^'^-^Wti\:t! u "^a, 

[0 0 4 8] Sfe#W^JlHiLT«. m.^Wii7)\^tl^)'&t 

3am«#e.n^o 20 
[0 0 4 9] HJgwj^ffii ~4 tc^^il-rsrt# 

mmm^m. m9\.m.^>-:fmfm.mz^:by3m^-vn^ 

[0 0 5 0] ^-yr^T. S i GaAs. 

mm^f^u^mm. i^y7-f7mm.±i,z^it:»0'yj^j^ 

lii~40iifett:*rftS-fflVi'5cii*«T-#-5, i^iz. a® 30 
[0 0 5 1] ^ciT. *f!BJ©gfe?^::^j£*jgffl-r^c:<i: 

*^^f3i^&^±\zrF^-r^^4ti}'j •yj^.mt-^'^^mi^ 

[0 0 5 2] .40 

[0 0 5 3] m2 it:^mMcommm 1 ^. 4 ^cto^itft 

[0 0 5 4] MOCVD$^B^fflt,iT, •ti-3'r<7S« 
±frG aNS: 1 Mm^B®b;tfc® ( 2 -f >5^0 ■i7JC/^— 
[0 0 5 5] sr, mmzmm-r^5 0 0 c c<D\d-i3 
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[0 0 5 6] 3oof-;*7— (A~c) tcyjW'^ 

0 0c cf-^xnfc. |triH®3-:3cDtf— ;0-|*3 

[0 0 5 7] v;i/^> ^:^71^-©A■^^^:— ArttC 

-i'y:/Dtf;i/T;i'3— jpcDAofetf— 

[0 0 5 8] iKv^T. /N'— 7 p—ifr, 1 o^fj- 
mo^m^^^^^n^^inz^u. -i-yi/Dtfji/Tji/p 

[0 0 5 9] fcf >-fe-:/ hTI«ffi± 1 * 

[0 0 6 0]^LT, «trfS8fei^?Sr©S«lS:MOCVD 
[0 0 6 1] ^-r. 4 U -v 4 u 

e.. SIS 1 wMS^^iad^e 1 0 5 o'cs-t?#s$-e-/t 

^. SS&2^J-raffiitLT, S«10S®{Cg|®bTV^ 

[0 0 6 2] :K\Z. ^miLy^^m^k^^ 1 3 U h^U/^J- 
<h 3 U h;i'/':Ji-TSSU^:*^e.. T >=^=.T ^ 4 ^) h 
TMG^rS 0 ;imo 1 /ii", GaN 
)12*0. 2 Mm<Z>J¥;gfT?figS$-&fc. 

[0 0 6 3] i>:{C. TMGCD«f>&^Jh5!:)TX«iaaE<£7 
0 O'Ctr^-rm^T^-ti-. 7 0 0*CtC*iViT, 1 4 

4)-. TMG*4 Mmo 1 /iJ-, TM I * 1 o 1 / 

T^iS^LT, 7>h*-y«I no.!Ga„.aN*^e.;^c 
-l.^-*^^#F«jft®#F)l 3 2 nmcDJ?$TfiKS$ 

[0 0 6 4] #FB*fi)cS^tt, TM I ®««&*ih«e), 

1 4 U h;U/^3'T=5«tL;5:;5ie.. TMG^2wm 
o 1 /4J-T«ii©U. S«iaS^ 1 0 5 Ot;iClfi](tT#M 
T> K-:/«)G a 4 <£4 nmOiP^t? 
fi)c«$-l3-, aSiiS^n 0 5 O'CJcSbfce. ^i^tzK 
m^^-^ 1 3 U h;i'/'^i-<h 3 'J y hJV/'^^xm.VtS-l)^ 
6. 7'>^:n7Sr4 'J -y h;U/4J-, TMG$:80Mmo 
t?#t)^LTGaN<D«±S5S 1 0 0 nm©^ 

^^Kipf 1 <h Lfco 
[0 0 6 5] (Jttie^Jl) ^jtfflCDSffitbT. MOC 
VDiieSrfflViT. -tJ^>'T-1'7'*S±{CGaN* 1 Mm 
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[0 0 6 6] ^fe, 5 0 0 c c ©tf— * — D^iiSD (-f 

[0 0 6 7] i-r. HJe^y 1 tratJ^JilH-c. y;u^>h 
laictf-^-Djcfi-r y:/Dtf;i'T;i'n— jusr3 o o c 

[0 0 6 8] ltS-r(D'f VT'DlfJl/T;!/:]— 

[0 0 6 9] COJcptdL-Tifc^UfcSfltltt. SISS^J 
1 <Z3a«i:I^B^tCMOC VDg«®KJt;Wt'«fcgL. * 

mm 1 iciE«»fiKs^ff vi, #6nfc^ft!^###SrSi 

[0 0 7 0] 1 ®iS^S|. 1 i:it««»J 1 (DUn2\Z^ 

ViX, 7:*- hJl^5^-;/-k>X (PL) jil5£^«^fflViX 20 

ttHe-CdW-— tf (igfi3 2 5 nm) 
1 OmWtbfc, 

[0 0 7 1] ^<D^*, ei|sH ©PL^««K*42©P 

JitrjsESLyt I nGaN#F«**-r*Sft:«fUr:7A?S 30 

[0 0 7 2] ;f^*5, ticM(m'i.-^\t-<'J-fci\^)V7)Vn — 

ft^^¥#<!^w p L5SS*i{ST-r ^ c t i£?Sigb7t, 

[0 0 7 3] (IIM0y2) *M01J1 MOCV 
)lb;t=b®$:ifcr^fflcDaS6 ibTfflVifc. 

[0 0 7 4] Sjt. dCOgtr^T^ffl-r-S 5 0 0 c c<^f 
— A~Gl±fi-7jBt?a&.5. t*— A— A~Dlilt<S0iJ 40 

1 iinc9^^mm\^rz. 

[0 0 7 5] ^-r. )XMtm 1 i:l^i:»ffii5fei^:fe<J;0:»ffi 

(NH, : HjO, : H, 0=1 : 1 : 5) 3 0 0c c ©A 
ofcVf-*-Elry\>:«f-<&gSb. SiJ-fSffiJ^b/t 

bT. »«S®i£^m:/P-T-feJSbAc, 
[0 0 7 6] iSeitgES 0 0 c c (3f:-y h 

b. 5i}-K8l#bfc^. )ffi7K«:SSfcbfcb:-*-G€rffl 50 
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bTa««®Sr^^:=^a-T-^byS:. 
[0 0 7 7] cl<OJ:^fcbTi5t?*bfe»«*lgSS«sJl t 

i^u;fi)c«:^ffi-t?rac;sfl:4a*«fli:sf^Sb. Sipfstb 

[0 0 7 8] e!iB^3CDPL^S*^g!l^bfe<i:;l^. M<Sf 
1 WPL!fta[®6 0%T?&0> Jt«^^Jl{Ci5tj-SM^Sf2 
® P L ?SS7&^Ki|S|. 1 5 SSTSofeCDtrJtfebT 

[0 0 7 9] ^in=fcO, »=tfii5fett^a«^«t::*5tt-5W 

ff ^rtlC±oT»«^M!C?S@tCft«brc:y\-f HD* 

[0 0 8 0] (iijgtsj 3 ) mmm 1 trafiitc, mo c v 

Dgfi^fflV^T. -y-:7 5"rTS«-hl'GaNS:l MHiW 
Hbfefe®^gfe#ffi®»«l tbTfflt/ifc. 

[0 0 8 1] dw^j-ets. it^m 1 <J:(^Da««fet**3j; 

[0 0 8 2] :L<D^'DiZVTfSmi'rz&U^^Mmi t 

tZo 

[0 0 8 3] un 4 (D PL mm.^m^L.rzt:i^. un 

l<DPL?fia»8 0%T&0> $6.7S:'£>3Sc»*^#^>tl' 
[0 0 8 4] CtlcbO, 
ff3Cl<i:{CioT»««®tc?iHtC#«bfcA-f KP:ti 

[0 0 8 5] mmm4) mmmitmmiz. mocv 

@ b t) o *i5feitffl oa« .h b Tffl fc, 

[0 0 8 6] CCO0tJX«. l?M«»J2®t5fei^:^fe{C43li 

[0 0 8 7] COd;-5trbTi5fe?tbfci»«*IIJ5g«3J 1 t 
l^bf«:g:^te-t?|^b^Yfc:*feits^«iS:f^S!b, tti^Stb 

[0 0 8 8] MlSf 5®PL?i«^iS!l^bfc<tCl^, a» 
1 WPL^Si:fg^®?SS7)«f#e.nfc» 
[0 0 8 9] cnj:0. *8lgfejt^fTt>;5:li;itT. fi" 

<ticj;o, ^i^miznmi.fzm^^m<of^m^<ox¥^^ 
m^-r^zLta^-v^tzo 

[0 0 9 01 i5fe#ifr{ca««®{c3tg|!g)j5i^aic 



( 

u 

c 0 0 9 1 ] mmm s ) i^mm<om 2 (ommmt^^ «. 
[0 0 9 2] m3 ii:^^mo:)mmm 2 ic-^^a^wijfejt 

[0 0 9 3] HYPEm 0\-< V^m^SL^m) Ic 

iO, iJ-^T-'f TttS^tCl 2 0 jLimiPOGaNSrW^ 

KX^'J- (®&) ^fflV^Tgii^ 1 0 Mm©W«^fi^75: 

^ u fc««Jnx ic J: 5 is^^ — sitxtt^ 3^ > X ^ 
[0 0 9 4] mm^vfttfisi&'s.^^\>ii-izs^. y 

yWfC+^^^hfc 5 0 0 c c ©f-A— (/1-f l^^y 
XiS) ^7ffl (A-G) mmV. A~C(Dk--*-tcy 

3 0 0 c c Atifc, i(rlB<D 3ffi©tf-* - 

[0 0 9 5] S-r, yJI/'O h±7•y•09Ao/tt'-;^J- 
A^^^ca^S6Sr*-&fc/^>;^-S:«mb. 1 0 5i-ftlCD@ 
^&«ci^<fefTofc. ^{C, T-ir h>®Aofce— * — B 

[0 0 9 6] m^X, i^7jc:t— A'— :7 a — tf-e, 1 0 3i- 
[0 0 9 7] ^©S, tf>-fe^y hTififflEJifcaffieSrft 

[0 0 9 8] ;^IIC. ■7>^:-T. ilSlftTK*, tK^ 1 : 
1 : 5xm'^Ltz7)ltl'J7icmmf)^3 0 0 c cAofcf 
-*-DiCA>;tf-S:An, 5 ^i-WOJtf^^ff ofc^. 
i^7K©A^fctf-*-EtCA>j!/— Sr^b. *e**^- 
/\'-:7D-$-ti-;>S:*i^.S*&ifcit* 1 0^J-WfT^;"c^. 

[0 0 9 9] :^\Z. Th-v h^U- h-C6 orice^^Lfc 
iifiSSE7!i^3 0 0 c c Aofcf-*-FtC/N>;^-<&^ 

Glcy\>;^— iM**^— A— 7D — 
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iSfiJ:i('S1S^^-&. S1S®ff*J:0, ^^;y>$:ffll/iT 

[0 10 0] :i©J;5(CL-TSti^byc:S^6 SrMOCV 
[0 10 1] S-r. ^m^&4 U V)V/^. 7K^S:4 U 

e.> a^e^iaft^^ia*''?. 105 o*csT#ia^-t±fc 
[0 10 2] -t®^. asewsft&i 0 5 o"C{c«j$ 

UT, ^^'JT:^fXtL-TS*i:***#^ 1 3 U-;/ h 
;|//^J-i3 'J y hJU/5^-etBEL^i*s^. 7>^:-7«;4 
•J hJP/^i-. TMGS8 0 Atmo 1 /iJ-. 1 0 p pm 
mi?<DS i H4 1 0 c c /^J-. T#t«&bT, S i ^Sr H 
— :/bfcGaN*-»^;^^^lG5nai7 5y H®7*2 m 

[0 10 3] f^KDnmi^'y-J H®7S^g^. SS6 
©fflffiSl 0 5 Ortr^-fe, *^'JT;^fXiLT^^i: 

20 7icfg*#* 1 5 u >y 3 u -y N ;u/:»-rrss L 

d^S). T>^:^T*2 U >y TMGSr4 0Mm 

0 l/^i-, TMA^£3jLtmo \ T#t«&LT, T> 
K — rT'cDA 1 0. 0 5 G ao. ,5 Nd^?);^-2>^2®nSi'^>> 
KH 8 $r 2 0 nmC9»$T)5XS$-a-fco 

[0 10 4] ^2(©nSli:'7 y H«8 Sr^KS^. TMG 
t S i H, ©«li©«rjl:«e), 7 0 0*C{C*-CK 

T^-er. 7 0 0'CiZ:teViT. ^^^)Ti37.tVX^m^ 

1 4 U -y hJP/^J-T8SL;^/0^*^. y>^:^7^6 U h 

TMG^4 Mmo 1 /ii-^ TMISrlMmol 
30 xm^X^T. 7>H-y© I n,. ,5Ga,.ssN*» 

[0105] 51^8 9 iSrfigS^. TM I 0#t«&€rjh»e>. 
^^UT:tfXtL-r^3S*l 4 'J>;/ KJU/ii-, T>^:r: 
7*6 'J y TMG*2 ;^mo 1 /:Ji-T«if^L. 

T. a«6©ias* 10 5 ox:\z^nxm-mi^'^ti-t)^ 

?l^gg€-T>H— :?'©GaN*^e):i5:-5f Wm 0* 
4 nmCDjf ^fTfi£*3-&feo 

[0106] ^mm 1 0 ^mf^mt. »« e coia«* i 

TK^Sr^-er 1 5 U h)V/^ti 3 U y h Jl^/^i-caEL-i/a: 
75^5.. 7>^:rT$ 2 'J -y TMG*4 0Mm 

o 1 /^i-, TMA* 3 «mo 1 /fi-. Cp,Mg*0. 
Atimo\/^. X^i^X^X. Mg$: H-y^-a-fcA 1 
...iGa..,.N*^^;a:-5pSi'7-y K® 1 1*0. 2u 

[0 10 7] pMi^^-;/ Kei 1 *fiX:g^. TMGtT 
MAiC p,Mg©«i^S:ih*. 1 8 'J h^U/ 
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[0 10 8] mm^mit^^T$>^TUGii> tm 

[0 10 9] z.<D^'D\z\.-cm^\^rz.'^itii^)'Oi^mt 
js-rci:;^<. -^cD^ffijuic. mmm^z^K), -y^jv 
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(54) METHOD FOR CLEANING SUBSTRATE FOR GROWTH OF GALUUM- NITRIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate cleaning method which can 
prevent rigid hydrocarbon on the substrate surface with organic cleaning process 
and can effectively remove hydrocarbon even when such hydrocarbon is deposited 
on the substrate surface. 

SOLUTION: In organic cleaning of a substrate, hydrocarbon in an organic solvent is 
prevented from adhering rigidity to the substrate surface by maintaining all organic 
solvents used at the temperature lower than the boiling point thereof. Moreover, 
the hydrocarbon deposited to the substrate surface can be removed effectively, by 
cleaning with acid and alkali or cleaning with ultraviolet-ray ozone after organic 
cleaning of the substrate. In addition, deposition of hydrocarbon to the substrate 
surface can be prevented by using acid and alkali for cleaning substrate in place of 
an organic solvent. 
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